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(54) Extrusion machine and method for forming profiles articles of synthetic resin reinforced
with continuous fibres

(57) The method comprises the forced conveying,
under pressure, of synthetic resin-based fluid material
under pressure into and through a profiled extrusion
channel (20) provided in an extrusion die head (10); si-

multaneously feeding, into and through the extrusion
channel (20), continuous reinforcing fibres (F) of indef-
inite length, such that they encounter the fluid material
within the channel (20) and are entrained through the
channel (20) together with the fluid material.
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Description

[0001] This invention relates to a method and a ma-
chine for forming profiled articles of synthetic resin re-
inforced with continuous fibres.
[0002] Herein, the term "profiled article" means arti-
cles of rectilinear axis, of indeterminate length, having
a substantially constant cross-section, either of closed
profile or of open profile.
[0003] A typical but not exclusive application of the
invention is in forming tubular articles, in particular light-
ing poles and similar structural articles.
[0004] In the current state of the extrusion art, articles
are formed only from thermoplastic resin reinforced with
short fibres. Because of the nature of the resin (even if
reinforced), the articles which can be obtained are ob-
viously not ideal for applications in which they are me-
chanically stressed, as in the case of lighting poles and
similar structural articles, in which stress is considera-
ble, in particular bending stress.
[0005] In contrast, lighting poles are formed of ther-
mosetting resin enriched with long or even continuous
reinforcing fibres (roving) by methods totally different
from extrusion, namely so-called "poltrusion" processes
in which the long or continuous fibres are impregnated
with thermosetting resin, followed by centrifuging of the
fibres impregnated in this manner.
[0006] This is in any event a relatively complicated
technology, requiring relatively lengthy specific operat-
ing times and complex plants.
[0007] An object of this invention is to provide a meth-
od and machine able to form, by the extrusion tech-
nique, profiled articles of synthetic resin, in particular tu-
bular articles such as lighting poles or others, able to
resist high stress, in particular bending.
[0008] This and other objects are attained by the in-
vention as characterised in the claims.
[0009] The extrusion method of the invention com-
prises the forced conveying, under pressure, of synthet-
ic resin-based fluid material into and through a profiled
extrusion channel provided in an extrusion die head,
while simultaneously feeding, into and through the ex-
trusion channel, continuous reinforcing fibres of indefi-
nite length, such that they encounter said fluid material
within the channel and are entrained through the chan-
nel together with the fluid material.
[0010] In particular, the direction in which the synthet-
ic resin-based fluid material is introduced into the extru-
sion channel forms an angle to the direction in which the
continuous reinforcing fibres are introduced into the
same channel. More particularly, the fluid material is in-
troduced into the extrusion channel at an angle to the
channel axis and the reinforcing fibres are introduced
into the extrusion channel parallel to the channel axis.
[0011] Advantageously, the fluid material introduced
into the extrusion die head is a synthetic resin mixed
with reinforcing fibres of limited length.
[0012] The machine of the invention comprises:

a die head possessing a profiled extrusion channel
having a downstream portion the cross-section of
which determines the form of the profiled article;
means for introducing, under pressure, synthetic
resin-based fluid material into the upstream portion
of the extrusion channel,
means for introducing continuous reinforcing fibres
of indefinite length into the extrusion channel within
a portion in which they encounter the fluid material.

[0013] The invention is described in detail hereinafter
with the aid of the accompanying figures, which illustrate
by way of non-limiting example one embodiment of the
machine for implementing the method.
[0014] Figure 1 is a schematic general plan view of
the plant for extruding tubular articles, in which the ma-
chine of the invention is applied.
[0015] Figure 2 is a section through the die head 10
of Figure 1 taken on the vertical axial plane.
[0016] Figure 3 is a detail of Figure 2, regarding the
upstream portion of the female element of the die head
10.
[0017] Figure 4 is a section on the plane IV-IV of Fig-
ure 3.
[0018] Figures 5A and 5B are sections on the planes
VA and VB of Figure 2 respectively.
[0019] Figure 6 is a perspective view of the machine
30 of Figure 1 for forming a mixture of fibres.
[0020] Figure 7 is a section through a detail of Figure
6, taken on the axial plane.
[0021] The extrusion machine of the invention com-
prises an extrusion die head 10 comprising an axially
hollow female component 11 and a male component 12
inserted axially into the female component 11, to togeth-
er define a profiled extrusion channel 20.
[0022] The head 10 comprises, starting from the up-
stream end, a first portion 10a followed by a second por-
tion 10b and a third portion 10c. In the portion 10a, the
male component 12 has an overall frusto-conical lateral
surface 12a converging in the downstream direction; in
the second portion 10b, the surface 12b of the compo-
nent 12 is equally frusto-conical; finally, in the third por-
tion 10c, the surface 12c of the component 12 is cylin-
drical (i.e. formed with generators parallel to the axis of
the head 10) and, in the particular case in which a pro-
filed article of circular tubular section (for example a hol-
low pole) is to be formed, is of circular cross-section.
[0023] The female component 11 has an internal axial
through cavity which, in the first portion 10a, has an
overall frusto-conical lateral surface 11a converging in
the downstream direction, in the second portion 10b it
has an equally frusto-conical surface 11b, and finally, in
the third portion 10c, it has a cylindrical surface 11c
which, in the particular case in which a profiled article
of circular tubular section (for example a hollow pole) is
to be formed, is of circular cross-section.
[0024] In the upstream first portion 10a, the two com-
ponents 11 and 12 mate perfectly and hence the respec-
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tive surfaces 11a and 12a are in mutual contact (with
the exception of the concavities 21 described hereinaf-
ter); in this portion 10a an insertion fit is thus achieved
which supports the male component 12 within the fe-
male component 11. In contrast, in the second portion
10b and in the third portion 10c, the surfaces 11b and
11c of the female component 11 have a diameter greater
than the corresponding surfaces 12b and 12c of the
male component 12, in order to form a tubular channel
the cross-section of which is of constant thickness, to
define the intermediate portion and downstream portion
of the tubular extrusion channel (indicated overall by 20
in the figures).
[0025] Preferably, between the first portion 10a and
the second portion 10b there is provided an intermediate
portion 10i of limited length, in which the male compo-
nent 12 has a cylindrical surface 12i and the female
component 11 has an equal surface 11i which lies in con-
tact with the surface 12i; the reason for this is to form a
support and centering region for the male component
12 within the female component 11.
[0026] Within the first portion 10a there is provided in
the female component 11 a radial lateral inlet 15 for in-
troducing synthetic resin-based fluid material into the
upstream portion of the extrusion channel 20. This up-
stream portion serves as an introduction for conveying
the fluid material from the inlet 15 to the second portion
20b of the channel 20, where this is of frusto-conical
shape. In this upstream portion, starting from the inlet
15, the extrusion channel comprises slight concavities
21 (four in the figures) for removing material on the sur-
faces 11a and 11i of the female component 11 (see Fig-
ures 3, 4, 5A, 5B in particular). The longitudinal axis of
the concavities 21 commences radially at the inlet 15
and then, after a curve of 90 degrees (Figure 3), extends
axially downstream until it opens into the portion 20b of
the channel 20, corresponding to the portion 10b. On
the surface 11a of the first portion 10a, these concavities
21 involve the entire circumference of the cross-section,
hence the channel 20 extends without interruptions
through 360 degrees (see Figure 5A in particular); in
contrast on the surface 11i, the concavities 21 have a
more limited extension in cross-section, such that be-
tween them there are defined four projecting regions 22
having the same diameter as the male component 12,
in which the surface 12i of the male component 12 ad-
heres to the surface 11i of the female component 11 (see
Figure 5B in particular).
[0027] The purpose of the concavities 21 is to convey
the fluid material, entering through the inlet 15, to the
portion 20b of the channel 20, the regions 22 acting as
a support for the male component 12.
[0028] The die head 10 is connected, via the inlet 15,
to a machine for introducing synthetic resin-based fluid
material under pressure, in particular to a machine 30
for forming a mixture of reinforcing fibres of limited
length and synthetic resin.
[0029] Advantageously, the machine 30 is construct-

ed in accordance with the simultaneous Italian invention
patent application in the name of the same applicants.
[0030] Briefly, the machine 30 comprises a screw con-
veyor 31, having two screw augers 32 counter-rotating
within corresponding channels 33 substantially adher-
ing to the profile of the screws 32, fed upstream by a
fibre feed device 35 provided with rotary entrainment/
mixing means for the fibres and arranged to introduce
the fibres into the initial section 31a of the screw con-
veyor 31, through an inlet port 34 the axis of which is
perpendicular to the plane defined by the two axes of
the screw augers 32.
[0031] The fibre feed device 35 comprises a hopper
36 of substantially vertical axis, positioned on the inlet
port 34 provided on the upper region of the conveyor 31,
for introducing fibrous material into this latter. Inside the
hopper 36 there are positioned two motorized shafts 37a
provided with elastic blades 37 rotating about an axis
parallel to the plane defined by the two axes of the screw
augers 32. Said blades 37 have a length such as to in-
terfere, at their ends, with the lower portion of the hopper
36 such that, during rotation, the blades 37 flex when
they interfere with said lower portion, and then elastical-
ly resume their normal profile when the blade rises high-
er, to lie immersed in the mass of fibrous material con-
tained in the hopper (see Figure 7).
[0032] Downstream of the initial section 31a of the
conveyor 31 there is provided a following section 31b
into which synthetic resin is injected in the molten state.
In particular, if this is thermosetting resin, this is intro-
duced into the conveyor 31 at ambient temperature in a
substantially liquid state by simple injectors 41 fed by
pumps (of known type, not shown in the figures), such
as to form within the section 31b a mixture comprising
from 50% to 98% of fibres.
[0033] Advantageously, the section 31b comprises a
portion in which the screws 32 are shaped to provide
mixing, to render the fibre-resin mixture more homoge-
neous, followed by a final portion in which the screws
are shaped to provide an effective axial thrust to intro-
duce the fluid fibre-resin material into the head 10 at suf-
ficiently high pressure.
[0034] With the head 10 there are also associated
means for introducing continuous reinforcing fibres F of
indefinite length into the extrusion channel 20 as far as
a portion in which they encounter the fluid fibre-resin
material.
[0035] In particular, the male component 12 compris-
es in its interior, along the upstream part (portions 10a
and 10i) of the extrusion channel 20, a plurality of tubular
guides 51 provided with respective internal channels
within which thin sheaves of continuous fibres F are
made to slide; the guides 51 are positioned in channels
17, parallel to the axis of the channel 20, their down-
stream ends opening onto the surface 12b within the in-
termediate portion 20b of the channel 20, where the
form of this channel generally converges in the down-
stream direction.
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[0036] The fibres F arrive at the guides 51 by unwind-
ing from large bobbins 52 supported by a frame 53.
[0037] The figures show an embodiment for forming
tubular articles of thermosetting resin. In this case, as
is well known, the resin must be maintained at a suitable
temperature to prevent excessive hardening on heating.
[0038] Consequently, in the final portion 10c, in which
the channel maintains a constant cross-section, a sys-
tem of channels (known per se) is provided, through
which a conditioning fluid is circulated to maintain the
temperature of the material within suitable values. In de-
tail, in the section 10c the male component 12 is provid-
ed internally with ducting 43 fed by two channels 44 in-
serted into the upstream part of the male component 12,
for entry and exit of the conditioning fluid respectively.
[0039] The female component 11 is also provided in-
ternally with ducting 45, positioned in correspondence
with the ducting 43 and acting together with it.
[0040] In operation, a mass of material formed from
fibres of limited length, but still relatively long, is fed in
bulk into the hopper 36, through which it tends to de-
scend by gravity into the screw conveyor 31.
[0041] The action of the rotary blades 37 is particularly
effective in eliminating the bridges which the fibres tend
to form,so facilitating fibre descent; of particular impor-
tance in this respect is the fact that the blades 37 flex
against the lower portion of the hopper, and in resuming
their proper shape repeatedly strike (as a loaded spring)
the fibrous mass accumulated in that region, to move it
and mix it, with an effectiveness which, as has been
found experimentally, greatly facilitates fibre descent
through the port 34.
[0042] Synthetic resin (thermosetting) in the molten
state is simultaneously introduced into the section 31b
of the conveyor 31 via the injectors 41, and is mixed and
rendered homogeneous within the section 31b by the
rotation of the screw augers.
[0043] There then emerges from the conveyor 31 a
fluid material formed from fluid synthetic resin (thermo-
setting) mixed with relatively long fibres (even some
centimetres) which is introduced under pressure into the
inlet port 34. From here, the fluid material is urged along
the concavities 21 (introduction portion) until the portion
20b of the channel 20. Here the fluid material encoun-
ters the continuous fibres F introduced via the guides
51 and, in advancing along the intermediate portion of
the channel 20, and given that this latter is of frusto-con-
ical shape converging in a downstream direction, it mix-
es intimately with these fibres and also drags them with
itself. In the final part of the channel 20, the material (in-
tegrated with the continuous fibres F) assumes the de-
sired form and dimensions and finally leaves from the
head 10. From here, the article enters a unit 60 (of
known type and shown only schematically in Figure 1)
which heats it to cause it to harden, and also pulls the
article in a downstream direction in a manner concord-
ant and synchronized with the advancement of the ma-
terial and of the fibres F through the head 10.

[0044] By virtue of the invention, articles of indefinite
length are obtained by an extrusion process and hence
with the advantages typical of extrusion, these articles
also being reinforced by longitudinal continuous fibres
F involving the entire article and providing it with supe-
rior mechanical resistance, in particular against bend-
ing.
[0045] The invention can be equally used to form ar-
ticles of thermoplastic resin.
[0046] Numerous modifications of a practical and ap-
plicational nature can be made to the invention, but with-
out departing from the scope of the inventive idea as
claimed below.

Claims

1. An extrusion method for for forming profiled articles
of synthetic resin reinforced by continuous fibres,
characterised by comprising the following steps:

forced conveying, under pressure, of synthetic
resin-based fluid material into and through a
profiled extrusion channel (20) provided in an
extrusion die head (10),
simultaneously feeding, into and through the
extrusion channel (20), continuous reinforcing
fibres (F) of indefinite length, such that they en-
counter the fluid material within the channel
(20) and are entrained through the channel (20)
together with the fluid material.

2. A method as claimed in claim 1, characterised in
that the direction in which the synthetic resin-based
fluid material is introduced into the extrusion chan-
nel (20) forms an angle to the direction in which the
continuous reinforcing fibres (F) are introduced into
the same channel (20).

3. A method as claimed in claim 1, characterised in
that the synthetic resin-based fluid material is intro-
duced into the extrusion channel (20) at an angle to
the channel axis, the continuous reinforcing fibres
(F) being introduced into the extrusion channel (20)
parallel to the axis of the channel (20).

4. A method as claimed in claim 1, characterised in
that the fluid material introduced into the extrusion
die head (10) is a synthetic resin mixed with rein-
forcing fibres (F) of limited length.

5. An extrusion machine for forming profiled articles of
synthetic resin reinforced by fibres, characterised
by comprising:

a die head (10) possessing a profiled extrusion
channel (20) having a downstream portion the
cross-section of which determines the form of
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the profiled article;
means for introducing, under pressure, syn-
thetic resin-based fluid material into the up-
stream portion of the extrusion channel (20),
means for introducing continuous reinforcing fi-
bres (F) of indefinite length into the extrusion
channel to emerge within a portion (20b) in
which they encounter the fluid material.

6. A machine as claimed in claim 5, characterised in
that the die head (10) comprises an axially hollow
female component (11) and a male component (12)
inserted axially into the female component (11), to
together define said extrusion channel (20), said
male component (12) comprising in its interior, in
correspondence with the upstream portion of the
extrusion channel (20), a plurality of channels (17)
the downstream end of which opens into the extru-
sion channel (2), for inserting the continuous fibres
(F) into the channel (20).

7. A machine as claimed in claim 6, characterised in
that the extrusion channel (20) comprises an inter-
mediate portion (20b) with a general shape con-
verging in the downstream direction, said channels
(17) for inserting the continuous fibres (F) being par-
allel to the axis of the channel (20) and opening at
their downstream end into said intermediate portion
(20b).

8. A machine as claimed in claim 5, characterised in
that, in the upstream part (10a, 10i), the female
component (11) and male component (12) mate
perfectly with each other, their respective surfaces
(11a, 11i and 12a, 12i) being in mutual contact, in
said said surfaces (11a and 11i) of the female com-
ponent (11) there being provided slight concavities
(21) the longitudinal axis of which commences ra-
dially at a lateral inlet (15) and then, after a curve,
extends axially downstream until they open into the
channel (20), these concavities (21) having a limit-
ed extension in cross-section, between them there
being defined the same number of projecting re-
gions (22) having the same diameter as the male
component (12), and acting as a support for the
male component (12) on the female component
(11).

9. A machine as claimed in claim 5, characterised in
that the die head (10) is connected upstream to a
machine (30) for forming a mixture of reinforcing fi-
bres (F) of limited length and synthetic resin.

10. A machine for forming a mixture of reinforcing fibres
of limited length and synthetic resin in accordance
with claim 9, characterised by comprising:

a screw conveyor (31), having two screw au-

gers (32) counter-rotating within corresponding
channels (33) substantially adhering to the pro-
file of the screws (32), and having an initial sec-
tion (31a) for the insertion and subsequent
thrusting of the fibres, and a downstream sec-
tion (31b) into which synthetic resin material in
the fluid state is injected;
a fibre feed device (35) provided with rotary en-
trainment/mixing means (37) for the fibres and
arranged to introduce the fibres into said initial
section (31a) of the screw conveyor, through an
inlet port (34) the axis of which is perpendicular
to the plane defined by the two axes of the
screw augers (32).
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